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J Charging of spacecraft surfaces by the environmental plasma can result in 

I" ; differential potentials betweea metallic structure and adjacent dielectric 

ir j surfaces in which the relative polarity of the voltage stress is either 

1 negative dielectric/positive metal or negative metal/positive dielectric. The 

i;:j first stress polarity , negative dielectric/positive metal, has been studied 

4 extensively in prior work in which dielectric targets were bombarded with 

. electrons. The second polarity, negative metal/positlve dielectric, has not 

“ had much research attention, although this stress condition may arise if 

relatively large areas of spacecraft surface metals are shadowed from sol8u? UV 
; and/or if the UV intensity is reduced as in the situation in which the 

spacecraft is entering Into or leaving eclipse. In this paper we present 
results of experimental studies of negative metal/positive dielectric systems. 

NASCAP charging analyses and SCATHA data have shown that differential 
stresses greater than 3-6 kV of either polarity are not easily generated on 
spacecraft exposed to the geosynchronous orbit environment. Measurements by 
many workers have shown that negative dielectric/positive metal electrostatic 
discharge (ESD) thresholds are in the 10-20 kV range. Negative metal/positive 
dielectric discharge thresholds are in the 1-3 kV range, and are therefore 
much more likely to be the source of in-orbit electromagnetic interference 
(EMI). Prior studies (1, 2, 3) have identified this more viable arc discharge 
mode in a qualitative sense ► Figure 1 illustrates some Of the features of the 
phenomena associated with the negative metal/positive dielectric 
configuration. Figure 1 is a strip chart record Obtained with a solar cell 
test sample biased negatively by a poirer supply through a 10 kllomegohm series 
resistor. The positive dielectric (cover glass) potential is generated by 
photoemission induced by UV irradiation. The setup is shown in Figure 2. The 
voltage-divided substrate voltage, U, provides the input for the strip chart 
recorder. With th^ bias voltage applied, turning on the UV reduces the 
substrate voltage by the normal phcLoemlsslon current IR drop, i.e., the 
sample voltage Vg drops from 7.1 kilovolts to 6.9 kilovolts. Shortly after 
the lamps are turned on arc discharges, blowoff of electrons, are seen as 
momentary pulses raising the substrate voltage towards zero volts. About a 
i minute later the substrate voltage settles below -1 kV, a steady-state 

I condition of enhanced electron emission. The noisiness of the enhanced 

emission current should be noted. At 7.32 minutes the UV lamps are turned 
off, but the enhanced electron emission (e3) continues. This condition may 
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continue for tens of minutes or may abruptly or gradually "wear out" and 
return to a normal photoemission- level with the UV lamps on, and only arc 
discharge, or may reverl; to the e3 state. The phenomena associated with the 
negative metal/positlve dielectric configuration, ace summarlaed. below:. 

o Arc discharges at low voltages (1-3 kVj 

o Enchanced electron emission (e3) 

o Ctoronaulike noise associated with e3 

Figure 3 shows the surface and structure potentials relative to the far 
plasma calculated as a function— of the solar UV intensity for a three— axis 
stabilized spacecraft. In full sunlight, sunlit dielectric surfaces as well 
as structure are a few volts positive, mainly because of the predominance of 
photoemission currents over the incident negative currents due to the substorm 
electrons.- Dark dielectric surfaces, surfaces shadowed by other parts of the 
spacecraft, are 2-3 kV negative because these surfaces are not 
photoemlttlng. As the UV intensity is decreased, the structure potential 
drops towards -3 kV first because its exposed surfaces are both sunlit and 
shadowed. The sunlit dielectric surfaces eventually also drop to -3 kV at 
about ZOi of full sunlight. At zero UV Intensity, complete eclipse, all 
potentials are nearly equal at about -3 kV. 

Figure 4 shows the differential voltages relative to structure computed 
from the data for Figure 3. The positive dielectric voltages, the sunlit 
surfaces, peak at about plus 2.8 kV at about 20$ of full sunlight, a 
photoemission current density, Jyy, of above. 0.5 na/cm^. This, then, is the 
regime in which the low voltage reversed polarity arc discharges may be 
expected to occur most readily.- Figure 5, from the paper by H. C. Koons (4), 
shows arc discharges observed on the P78-2 (SCATHA) satellite as it goes Into 
and out of ecllpSe during a substorm. 


Arc discharge blowoff current magnitudes and those of the associated 
replacement currents depend on the capacitance of the spacecraft to space. 

- This capacitance to space is directly proportional to the linear dimensions of 

the spacecraft, and hence the hazard due to blOwoff will increase as 
spacecraft become larger in future designs. Structural replacement currents 
are collected over all spacecraft surfaces and flow back towards the arcing 
•-V Source. They become more and more concentrated near the source, but the 

possibility exists for coupling unwanted EMI into victim circuits remote from 
the source. The flashover component of a positive dielectric discharge 
Increases with the source dimension, but its effects are confined to localized 
electrostatic and magnetic coupling. The peak voltage associated with these 
discharges was found to be that of the negative metal potential prior to the 
discharge, a positive-going step in 0.5 to 1.5 microseconds. The recovery 
time to re-adjust to the original negative potential was the BC recharge time 
constant, on the order of a fraction of a millisecond. 


Another facet of the EMI generated by the negative metal/positlve 
dielectric configuration arises if it results in the enhanced steady-state 
cOrona-like electron emission condition. The emission currents exhibit an 
Impulsive noise characteristic which increases in amplitude and frequency of 
occurrence with the level of emission current. We interpret this noise 
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surface potentials were obtainoH k« ^ still negative dielectric 
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Inouye and Sellen ( 1 ) applied the ne^ti tests by 
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dleXeotric has been Installed to attempt to obtain a measure of 
T** currents* Since the direction, of surface current till 17 
Mmn * c- qualitative Indication 1s to be expected. The blowout 




TEST RESULTS 


resStL ® ’ ®PO discharged.- Table 2 summarlzL the 

Ji'sn aV= BEnEr-7-^- - 

1 q Irv u 7 function of the dc e^ current. Peak noise voltaaea of 

-:!,yy "loroamperea In anpUtude have been observed. On a wldebSd ^ 

are diacueaed n«t '^*The ^n"ml^t.*'h**' ^"'**''^'^“31 3P° diacbarges which 

la best de”rl“faa SLfJorSS US'” »‘'3dy-state .1 condition 

aspect of enhanced electron eialsslon Is Its ve^rioSallaed ratu^‘"'’Bj"‘”''‘“‘ 

thL 1/Ij«^r .i . a“^ason current was found to be emitted from leas 

iXJ^J Tfcla aaall exposed area. “ ^-e 


‘*“® negative metal-posltlve dielectric charKes were 
showing a rise from the predlscharga potential (-3 kV) to 
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zeco volts in about ms. The voltage falls back to the predlscharp level 
in about 5 MS, a time defined by the spacecraft capacitance and the chargeup 
current defined by the series resistor, In our test setup. Flgu**® Js 
the rate-of -change of current as measured by the loop antenna. Fl^re loc is 
the substrate voltage when Is- made to be 0.1 Mf and Cg Is replaced- with a 
50 ohnt resistor. The voltage risetime is 6 and the totaL. pulsewldth is 
about 20 MS. Figure lOd Is the- voltage waveform- at the first grid or mesh In 
front of the test sample, with Ci equal to 100 pf. The mesh is colUcting 
blowoff electrons most of the time except for a positive pip at the end due to 
ions. Figure lOe Is the same mesh current when Is 25 pf. The coxlected 
current is Ionic for most of the time except for a short electronic pip at t e 
beginning. For values of greater than 100 pf, the 

negative. Figure lOf 1s the waveform at the second grid when It Is biased 
negatively. Positive Ions are collected after the first microsecond with a 
risetime of about 6 ms. The Ionic current pulse lasts for about 6 ms. These 
waveforms demonstrate that the discharges are not purely electronic, but that 
Ions are Intimately involved In the discharge process. 


DIJCUSSION AND CONCLUSIONS 


The test results reported here characterizing the EMI generated by 
negative metal/posltlve dielectric voltage stresses are not all-encompassing 
nor -complete. However^ important data has been obtained J 


o Enchanced electron emission. I-V curves 
o e^ corona noise vs e^ steady-state current 

o Localized nature of e^ and negative metal arc discharge currents 

o Negative metal arc discharges at stress thresholds below 
1 kilovolt 

o Negative metal arc discharge characteristics 

o Dependence of blowoff arc discharge current on spacecraft capacitance 
to space (linear dimension) 

o Damage to second surface mirrors due to negative metal arcs 


Among the arc discharge parameters of interest are the relatively slow 
risetlmes on the order of 1 Ms for approximately 200 cm sample sizes. A 
quick-look analysis of the phenomenology of a negative metal discharge as 
compared to that of a brushfire model developed for the opposite stress 
polarity, positive metal /negative dielectric, leads to many dissimilarities in 
the physical situations. For example, field emission of electrons is possible 
from a negative metal but not from a positive metal. The empirical data shows 
that risetlmes are too slow for purely electronic processes, and the detection 
of an ionic component in the blowoff current indicates that many aspects of 
the brushfire model may yet be applicable. The slow risetime as compared to 
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toleal. proceasea .! “ fundamental difference In the on-going 

raagnltude^rthrsp^eeraft^eaDLl^ increases In 

Figu^ 11 shows the linear rise of peS disoK’ Increases . 

our tests. Our test data also Indicate ?f f c«*’*'cnt vs C, obtained In 

brushfl^ theory for discharges of ^h^ODOMltri i ® ??® ol* the 

source Is localized rather than moving Pol^lty, the blowoff current 

brushflre wavefront. The oraokl^ of^secoL^J® head of the 

with the positive metal polarity, is a mirrors, not observed 

negative metal discharged y» s a further Indication of this aspect of 

negat^rmS/^oMtJvf dleL^t^^^^^^ Phenomenology of 

various associated EMI parameters. For eSnil °haracterizlng the 

characteristics on sample ared samnirfhf^J^^ * ^®P®ndence of discharge 
beea determined, and a bLirohenoSiJii J ^®®® ®®">Ple material havdaot 

which Is completely consistent with our Dhvsle^^d^^f*'^ *’®®” ‘^®^®loped 
observational data. The auiihnr>a a/»i. P ysloil Intuition and the 

J. H. Valles In obtaining the laboratwy®tfst^Std^^^^“^ assistance of 
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TABLE 1. 


- CHARACTERISTICS OF INDIVIDUAL SOLAR CELL SAMPLES. 
9, and 10 are most nearly flight-like.) 


SAMPtlE 

NUMBER 

COVER OLASS 
MATERIAL 

INTERCONNECTS 

USED 

KAP10N 
UCED AS 
INSULATION 

1 

FUSED SILICA 

STANDARD 

YES 

2 

CERIA OLASS 

STANDARD 

YES 

3 

FUSED SILICA 

in-Flane 

YES 

4 

CERIA Glass 

INPLANE 

YES 

5 

FUSED SILICA 

NONE 

YES 

6 

CERIA GLASS 

NONE 

YES 

7 

FUSED SILICA 

NONE 

NO 

8 

CERIA GLASS 

NONE 

NO 

9 

FUSED SILICA 

STANDARD 

YES 

10 

CERIA GLASS 

STANDARD 

YES 


TABLE 2. - SOLAR CELL TEST SUMMARY 


SAMPLE 

Number 

PHOTOEMISSION 
CURRENT (NAI 

ARCING 

ENHANCED ELECTRON 
EMISSION 

1 

4.0 

YES 

YES 

2 

4.1 

YES 

NO* 

3 

4,0 

YES 

NO 

4 

3.4 

YES 

NO 

S 

0.7 

YES 

NO 

s 

0.042 

yeS 

NO 

7 

29.0 

YES 

YES 

8 

20,6 

YES 

NO* 

9 

3 6 

YES 

NO* 

10 

5.5 

Nb 

NO* 


•WE HAVE OBSERVED E^ PREVIOUSLY FOR THIS CONFIGURATION, BUT NOT 


THIS SAMPLE 


(Samples 1, 2, 
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record of voltage variation in time, for solar cell 
(This illustrates noisy voltage characteristic of enhanced electron 
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Figure 2. •• Schematic of test setup using negative applied voltage and UV 



Figure 3. - Spacecraft surface potentials for NASA severe environment as func 

tion of photoemission current density, computed using TSCAT (TRW spacecraft 
charging technique). » \ i' 
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Figure 4. - Differential surface voltages corresponding to figure 3 









O' POOS oUALlfx 


SUWUQWT WWUMBM UMW* PgWWM 


SUNUCHT 



00.30 


01:00 

UNIVERSAL TIME (HOUR MINI 


01.30 


Figure 5. - Correlation of occurrence of arc discharges in SCATHA P73-2 space 
craft with reduced sunlight intensity with entrance arid exit for eclipse 
(Coincides with peak in differential surface voltages from figure 4.). 














figure 7 . - Solar cell sample configuration. 






DC SAMPLE CUHRENT OiAMPS) 


Fi9ure_9, — P6flk~to— pGdk Gnhancsd SlGCtron eniission (s^) noiss current versus 
dc e”’ current. (0-10 Hz). 
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(a) Substrate voltage: Cj * 100 pF; 
voltage from -3 kV to ground in 
0.8 usec. 
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(c) Substrate voltage: Cj = 0.1 pF; 

R = 50 n; risetime = 6 psec; width = 
20 psec. 
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(b) Substrate replacement current: 

Cx » 100 pF; peak = 0.5 A; rise- 
time = 0.4 psec; width s 1.5 psec. 
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(d) First grid blowoff current: C 
100 pF; 1 psec to negative peak 
(electrons) . 


(e) First grid blowoff current: Ci = 

(f) Second grid blowoff current 

25 pF; 1 psec to positive peak (ions). 

ion collection; risetime = 

Figure 10. - Negative metal arc 

discharge waveforms. 
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Figure 11 




- Peak discharge current versus spacecraft capacitance 
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